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INTRODUCTION 

j " ^ w 5 t a r , m ° n i t ° " n 9 w e l l s DH-1 through DH-11 at the 
ASARCO f a c i l i t y i n East Helena, Montana, were samolert 

t h e ^ L ^ ^ n t a i n e d ' i a r " 9 " ^ obtained f r o , 

* ! f £ ™ ' ™ ^ 

ttixt h-e nj^-hr*^ 
m e t r i c s , and the Montana State Department of Health " a n ? 

T o I l ~ t l L l i r C - T h e S S — c e n L f a^o^nd^he 
1 ' ? V ? . t 0 ^ h i g h t u r b i d i t y , some metals samples were 

allowed to stand f o r 1 to 3 hours p r i o ? to preser
v a t i o n . During t h i s time, exposure of the Sample 
to an o x i d i z i n g environment and changes sample 
PH may have s i g n i f i c a n t l y a l t e r e d the chemical 
e q u i l i b r i u m of the samples and caused s i g n i f i c a n t 
changes m concentrations of some d i s s o l v e d L 
to ? h l Y i , t h \ m a t ^ i a l imparting the t u r b i d i t y 
to the samples has the a b i l i t y to absorb metal 

r ^ T 5 i ° \ t h e a c 3 u i f e r w a t e r while desorbing 
c a t i o n s which are l e s s p r e f e r e n t i a l l y h e l d . These 
surface r e a c t i o n s may have a l t e r e d the d i s s o l v e d 

io n c oncentrations of the samples 

The f o l l o w i n g d i s c u s s i o n attempts to provide s u f f i c i e n t -
i n formation to evaluate these i s s u e s / ? h i s i n c u d e s -

f ^ u e S S a ° r e ? L w h % P h Y S i C a l E v o l v e d w i t h " a c h i s s u e , a review of p e r t i n e n t l i t e r a t u r e , and conclusions 
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regarding the representativeness of the January 1985 ground
water water q u a l i t y data. The f i n a l p o r t i o n of t h i s memo
randum summarizes the information presented and provides 
recommendations concerning future samplings. 

SAMPLE PRESERVATION 

The e f f o r t of c o l l e c t i n g a r e p r e s e n t a t i v e water q u a l i t y 
sample i s f u t i l e i f chemical r e a c t i o n s occur that a l t e r the 
character of the water between the time the sample i s c o l 
l e c t e d and analyzed. Commonly, the chemical environment of 
groundwater i s reducing ( l a c k i n g oxygen) and saturated with 
C0 2. As a sample i s removed from t h i s environment to the 
surf a c e , oxygen enters the sample, causing an increase i n 
the o x i d i z i n g p o t e n t i a l of the sample (Eh) and CO w i l l tend 
to gas out of the sample causing an increase i n pH (-log[H+]) 

Figure 1, copied from HEM (1970), presents a pH-Eh species 
predominance diagram f o r i r o n . The h i g h l i g h t e d box i n the 
center of the diagram shows the normal range of pH and Eh 
The f i g u r e i n d i c a t e s that as pH and Eh increase i n s o l u b l e 
f e r r i c hydroxide (Fe(OH)_) becomes the dominant species 
Most metal c a t i o n s behave i n a s i m i l a r f a s h i o n with i n 
s o l u b l e p r e c i p i t a t e s tending to form at high Ph and Eh 
values. 

In order to i n h i b i t the formation of i n s o l u b l e metal p r e c i p 
i t a t e s during sample storage, the sample's pH i s lowered to 
l e s s than two. At t h i s pH solu b l e metal c a t i o n species 
predominate (see Figure 1). i f the parameter of i n t e r e s t i s 
t o t a l d i s s o l v e d metals, i t i s also necessary to f i l t e r water 
samples p r i o r to a c i d i f i c a t i o n . I f t h i s i s not done, large 
amounts of metal p r e c i p i t a t e s which e x i s t i n a s s o c i a t i o n 
with suspended s o l i d s w i l l be d i s s o l v e d and erroneous values 
of t o t a l d i s s o l v e d metals w i l l be obtained. 

Water samples obtained from the ASARCO monitoring during the 
f i r s t samplings round contained high t u r b i d i t y and required 
f i l t r a t i o n s f o r determination of t o t a l d i s s o l v e d metals 
Some samples were allowed to s e t t l e from 1 to 3 hours to 
reduce the time and e f f o r t r e q uired f o r f i l t r a t i o n . During 
t h i s time the r e a c t i o n p r e v i o u s l y discussed may have occurred 
and a l t e r e d the metal ion concentrations i n the samples. 

Data presented i n Hydrometric's l e t t e r of February 19 1985 
to John N i c k e l of ASARCO (Attachment A) shows the v a r i a t i o n s 
m sample pH with time f o r seven samples (Table 1). This 



F i g u r e 1 

p h - E h S p e c i e s P r e d o m i n a n c e D i a g r a m 

fo r Iron 

I r-—j , | i | — r i | , | r 

2H 

FIOURE 14.—Fields o( stability (or solid and dissolved forms of iron as function of Eh and pH at 
25°C and 1 atmosphere of pressure. Activity of sulfur species 96 mgA as SOr*, carbon dioxide 
species 1,000 mgA as HCOi- , and dissolved iron 0.0056 mgA. 
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data shows that out of seven samples, the pH of one decreased 
s i g n i f i c a n t l y a f t e r 45 minutes and two increased s i g n i f i 
c a n t l y a f t e r one day. One question r a i s e d by t h i s data i s 
whether the samples pH v a r i e d i n the f i r s t 10 minutes Per
sonal experience has shown that pH values i n some groundwater 
samples w i l l increase r a p i d l y i n the f i r s t few minutes a f t e r 
sampling and then s t a b i l i z e . Due to the lack of information 
on sample pH immediately a f t e r sampling, and the f a c t that 
some of the sample's pH v a r i e d with time, i t i s d i f f i c u l t to 
conclude what impact the delay i n p r e s e r v a t i o n had, wit h 
respect to chemical p r e c i p i t a t i o n r e a c t i o n s c o n t r o l l e d bv 
pH. * 

Table 1 
PH MEASUREMENTS OVER TIME 

Sample No. Time Co l l . 

AEH-8501-118 
AEH-8501-124 
AEH-8501-117 
AEH-8501-122 
AEH-8501-125 
AEH-8501-121 
AEH-8501-126 

9:30 a.m. 
11:30 a.m. 
12:30 p.m. 
3:00 p.m. 
4:30 p.m. 
9:30 a.m. 
4:20 p.m.. 

Note: In a l l cases, sample temperatures and buffer temperatures 

pH pH 
1st Read. 3rd Read. 

Date (VLO min.) ApH (1 day) ApH 

1/18/85 7.65 0 7.90 + .25 
1/18/85 7.70 + .01 7.70 0.0 
1/18/85 7.78 + .01 7.88 + .10 
1/18/85 7.69 -.04 7.65 -.04 
1/18/85 7.97 -.26, 7.70 -.27 
1/19/85 7.70 -.Ol' 7.69 -.01 
1/21/85 7.49 + .03 7.55 + .06 

same 
are the 

?n ^ m ? l e P r e s e r v a t i o n may a l s o have allowed changes 
i n sample Eh to cause p r e c i p i t a t i o n r e a c t i o n s . This change 
I L o x T ^ i ? o n l y b e P o s s i b l e i f a d i f f e r e n c e e x i s t e d betwlen 

f ! i r r e d u c ^ l o n ^ d i t i o n w i t h i n the a q u i f e r and the 
i n , q u a l i t y data presented i n the Systems Tech-

? n i ? S ; ^ e m°randum of A p r i l 30, 1985 (Attachment B) , and 
copied i n Table 2 suggest that the o x i d a t i o n - r e d u c t i o n w i t h i n 
the a q u i f e r i s s i m i l a r to that of a surface water. This i s 

i r o n C ( i s m b Y r t h e V a l U S S ° f t 0 t a l i r ° n ( E P A ) a n d d i s s o l v e d 
S S S l i W o n f r g e a ? ? u n t s o f t o t a l ^ o n are present i n the 
sample but only small amounts of d i s s o l v e d i r o n (6.3 to 

> e x i s t i n s o ^ t i o n . These concentrations are 
t y p i c a l of a surface water with a n e u t r a l pH. Since i t 
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appears th a t the sample Eh remained s t a b l e , i t i s l i k e l y 
t h at p r e c i p i t a t i o n r e a c t i o n s associated with changes i n Eh 
d i d not occur. 

T a b l e 2 
COMPARISON OF USEPA & ASARCO METALS DATA 

Well 
No. 

As Cd Cu Fe Pb Mn 
Well 
No. EPA ASR EPA ASR EPA ASR EPA ASR EPA ASR EPA ASR 

DH-2 26 8. <4. <1. 61 z8. 18,300 25. 45 <5. 247 19. 
DH-3 7.8 7. <4. <1. 6.4 <8. 111 6.3 4.6 <5. 101 120 
DH-3R 5.4 7. <4. 3. 18. <8. 5,780 25. 11 <5. 196 100 
DH-7 99 5. <4. <1. 343 <8. 62,500 25. 51 <5. 4,390 41 
DH-9 22,000 6. 500 5. 5,500 13. 219,000 130 26,000 <5. 12,400 2,800 
DH-10 5,800 5,100 <Z4. 3. 156 9. 16,600 63 170 z<5. 4,310 4,800 

Zn 
EPA ASR 

349 110 
156 180 
155 170 
341 11 

48,100 580 
551 71 

Work done by the I l l i n o i s State Water Survey, 1981, inves
t i g a t e d the e f f e c t s of delayed sample p r e s e r v a t i o n upon the 
concentrations of seven metal c a t i o n s . The r e s u l t s are 
presented i n Table 3. These show that Ca, K, Mg, Mn, and Na 
were not s i g n i f i c a n t l y a f f e c t e d by the delays i n sample 
p r e s e r v a t i o n . This i s not s u r p r i s i n g due to the f a c t that 
these species tend to form i n s o l u b l e p r e c i p i t a t e s only at 
high pH s and concentrations. In c o n t r a s t , concentrations 
ot Fe and Zn showed dramatic decreases with delays i n sample 
p r e s e r v a t i o n . A d d i t i o n a l metal ions which may behave s i m i l a r 
to Fe and Zn incl u d e A l , Cr, and Cu. 

Based upon a v a i l a b l e i n f o r m a t i o n , i t i s not p o s s i b l e to 
q u a n t i t a t i v e l y evaluate the impact of the delays i n sample 
p r e s e r v a t i o n which occurred during the f i r s t q u a r t e r l y 
sampling round of groundwater monitoring w e l l s at ASARCO 
The only statement that can be made i s that i t i s p o s s i b l e 
that s i g n i f i c a n t changes i n water chemistry occurred during 
the delays i n sample p r e s e r v a t i o n and tha t these changes i n 
wa.er chemistry may have allowed f o r p r e c i p i t a t i o n r e a c t i o n s 
to occur which reduced the concentrations of some d i s s o l v e d 
metal ions ( i . e . , Fe, Zn, A l , Cu, and C r ) . 
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Table 3 
SITE 5-BRD and 6-DUP: ANALYSIS OF THE TENTH WELL VOLUME 

SAMPLE USED FOR STORAGE STUDY 
(CONCENTRATIONS IN mg/L) 

Site 5-BRD 

Hours after collection-
before preservation 

0 
7 
24 
48 

Site 6-DUP 

Hours after collection-
before preservation 

0 
7 
24 

*ND = not detectable. 

jpH. Ca Fe _K Mg Mn Na Zn 

6.7 111. 11.6 32 44.6 3.81 186 0.18 
7.0 110. 0.33 31 41.9 3.15 172 0.02 
7.0 104. <0.03 35 41.4 3.10 181 0.02 
7.0 99. 0.03 33 39.5 2.98 171 0.02 

6.8 32.5 5.74 189 94.2 ND* 215 ND* 
7.2 35.2 <0.08 203 110. ND* 242 ND* 
7.2 32.0 <0.08 204 96.6 ND* 223 ND* 
7.2 30.1 0.34 184 89.1 ND* 204 ND* 

ADSORPTION-DESORPTION BY COLLOIDAL MATERIALS 

Whenever a f o r e i g n object i s introduced i n t o an aqueous 
system xt w i l l tend to adsorb and/or desorb chemical con
s t i t u e n t s This w i l l continue u n t i l the rates of adsorption 
and desorption are equal and e q u i l i b r i u m i s obtained. The 
J u ° U ^ ° f. required to reach e q u i l i b r i u m i s a f u n c t i o n 
™ * ° a p ? h l t y ° f t h S f o r e i g n object to hold s p e c i f i c c o n s t i t 
uents, the concentrations of the co n s t i t u e n t s i n the aqueous 
t l t t T U t ^ O U n . - ° f f o r e i 9 n m a t e r i a l , and the volume of 
water which the object i s exposed. 

I t A S A R P O 3 6 S f ^ 9 r o™dwater monitoring w e l l s constructed 
at ASARCO, objects such as PVC w e l l screen, q r a v e l oack and 
p o t e n t i a l l y d r i l l c u t t i n g s from above the zone o f s a n a t i o n 
were introduced i n t o the groundwater system. PVC w e l l screen 
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and s i l i c a g r a v e l pack have l i m i t e d c a p a c i t i e s to adsorb and 
store chemical c o n s t i t u e n t and should reach e q u i l i b r i u m with 
the surrounding water q u i c k l y . 

D r i l l c u t t i n g s introduced from above the zone of s a t u r a t i o n 
can absorb s i g n i f i c a n t amounts of chemical c o n s t i t u e n t s i f 
they have high Cation Exchange C a p a c i t i e s (CEC) and e x i s t i n 
large q u a n t i t i e s . I f these c o n d i t i o n s are met, d r i l l c u t t i n g s 
w i l l adsorb and desorb metal ions u n t i l s u f f i c i e n t a q u i f e r 
water i s flushed past the m a t e r i a l f o r e q u i l i b r i u m to be 

l t a ° u u T ? i S m a y ° C C U r t n r o u 9 h n a t u r a l groundwater flow, 
through b a i l i n g p r i o r to samplings, and w e l l development. 

Due to the high turbidity observed in the ASARCO monitoring 
well samples, it has been suggested that the colloidal mate
rial associated with the turbidity is acting as a sink for 
metal cations. More specifically, that the cation exchange 
sites on the colloidal materials is preferentially adsorbing 
the small, more highly charged ions such as Cr 3 and Pb*2 in 
exchange for Jarger, less highly charged ions such as Na+, 
ca , and Mg . ' 

This exchange of ca t i o n s w i l l only occur i f the m a t e r i a l s 
producing the t u r b i d i t y i s introduced from an area outside 
of the a q u i f e r being monitored. A l l m a t e r i a l s w i t h i n the 
aq u i f e r should be i n e q u i l i b r i u m with the a q u i f e r due to 
t h e i r long contact time with the a q u i f e r water and i t s 
d i s s o l v e d metals. 

The monitoring w e l l s at ASARCO were constructed using hollow 
stem and a i r r o t a r y d r i l l i n g methods. Neither of these d r i l l 
ing methods involved c i r c u l a t i o n of d r i l l c u t t i n g s D r i l l 
c u t t i n g s were removed d i r e c t l y from the hole e i t h e r through 
the mechanical a c t i o n of the auger or the a i r l i f t of the 
a i r r o t a r y r i g . This leads to the conclusion that the 
c o l l o i d a l m a t e r i a l observed i n the w e l l came from the 
saturated zone. 

The worst case would be i f a l l t u r b i d i t y i s caused by mate
r i a l s c a r r i e d down from above the water t a b l e and that the 
ma t e r i a l has a high c a t i o n exchange c a p a c i t y . Under these 
conditions i t i s l i k e l y that t h i s m a t e r i a l would come to 
V f t i A m q u ^ k l y due to water c a r r i e d through the mate
r i a l during w e l l purging, w e l l development, and by n a t u r a l 
flow of groundwater during the one month between w e l l 
completion and sampling. 



0071079 

MEMORANDUM to Doug Love11 
Page 7 
May 7, 1985 
W68230.00 

Attempts to estimate the volume of water required to b r i n g a 
f i x e d amount of c o l l o i d a l m a t e r i a l s to e q u i l i b r i u m with the 
water q u a l i t y were made. These c a l c u l a t i o n s could not be 
made due to the complex chemical r e a c t i o n i n v o l v e d . Despite 
t h x s , i t may be stat e d that adsorption and desorption of 
metal ions by c o l l o i d a l m a t e r i a l probably had l i t t l e e f f e c t 
upon the water q u a l i t y of the samples obtained from the 
groundwater monitoring w e l l s . This statement can be made 
since i t i s l i k e l y only small amounts of m a t e r i a l was i n t r o 
duced from above the water t a b l e and t h i s m a t e r i a l i n a l l 
l i k e l i h o o d reached e q u i l i b r i u m with the formation water 
p r i o r to sampling. 

CONCLUSIONS AND RECOMMENDATIONS 

The c o l l e c t i o n of r e p r e s e n t a t i v e samples from groundwater 
monitoring w e l l s i s not a s t r a i g h t f o r w a r d or e a s i l y accom
p l i s h e d task. I t re q u i r e s c a r e f u l c o n s i d e r a t i o n of the 
hyd r o l o g i c and chemical co n d i t i o n s e x i s t i n g at each monitor
ing l o c a t i o n . The questions concerning the r e p r e s e n t a t i v e 
ness of the groundwater samples obtained from ASARCO during 
the f i r s t q u a r t e r l y sampling i s a good case i n po i n t . 

Due to delays which occurred between sample c o l l e c t i o n and 
pr e s e r v a t i o n , the p o t e n t i a l f o r metal ion p r e c i p i t a t i o n and 
subsequent removal through f i l t r a t i o n e x i s t s . The degree to 
wh i c h j t h i s _ o c c u r r e d i s d i f f i c u l t to assess due to a lack of 
data d e f i n i n g the samples' chemical c h a r a c t e r i s t i c s (pH & 
Eh) immediately a f t e r sampling. At present i t can only be 
sta t e d that the samples have a p o t e n t i a l l y negative bias f o r 
some metal ions (metals concentrations l e s s than a c t u a l ) . 

More s p e c i f i c conclusions could be made i f a d d i t i o n a l i n f o r 
mation i s obtained on the amount of time each sample was 
allowed to stand p r i o r to p r e s e r v a t i o n , and under what con
d i t i o n s each sample was stored during t h i s time. 

Due to the high t u r b i d i t y found i n the monitoring w e l l s , the 
p o t e n t i a l f o r c o l l o i d a l m a t e r i a l to act as a sink f o r metal 
ions e x i s t s . Based upon the a v a i l a b l e information concerning 
the methods of d r i l l i n g and the time between w e l l completion 
and sampling, i t appears that t h i s i s not an important i s s u e . 
S t i l l i t i s not p o s s i b l e to t o t a l l y d isregard t h i s i s s u e . 

A d d i t i o n a l information which would a i d i n eva l u a t i o n of t h i s 
i ssue i n c l u d e s the volumes of water removed during w e l l 
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development at each w e l l and r e l a t i v e degrees of t u r b i d i t v 
encountered at each w e l l . J 

Since the representativeness of the water samples cannot be 
c l e a r l y e s t a b l i s h e d at t h i s time, d e c i s i o n s must be made 
regarding r e s o l u t i o n of the i s s u e s . Steps taken toward 
r e s o l u t i o n of the issues should i n c l u d e : 

o Obtain the information mentioned i n the previous 
paragraphs and attempt to i d e n t i f y s p e c i f i c w e l l s 
where the issues discussed are important. 

o Compare the f i r s t quarter's a n a l y s i s with future 
data to see i f the r e s u l t s appear to be represen
t a t i v e of the groundwater q u a l i t y at each s i t e . 

o I f the data cannot be v a l i d a t e d through these two 
steps, o b t a i n another q u a r t e r l y sample from the 
w e l l s i n January of 198 6. 

An a d d i t i o n a l option f o r r e s o l u t i o n of the is s u e s has been 
proposed by Hydrometrics i n t h e i r l e t t e r to Mr. Gene Taylor 
of the EPA, A p r i l 12, 1985 (Attachment C). In t h i s l e t t e r 
they propose to s p l i t metal samples. One s p l i t w i l l be 
f i l t e r e d and a c i d i f i e d , the other a c i d i f i e d and then f i l 
t e red 5 to 1 hour l a t e r . Hydrometrics f e e l s that t h i s w i l l 
provide some information on the r e l a t i o n s h i p between metal 

concentrations and t u r b i d i t y . " I f no d i f f e r e n c e i s seen 
between the samples i t may be stated that n e i t h e r the 
t u r b i d i t y or the delays i n sample p r e s e r v a t i o n a f f e c t e d 
metal ion concentrations. 

Hydrometrics' proposal has seve r a l l i m i t a t i o n s . F i r s t of 
a l l i t seems u n l i k e l y that a s i g n i f i c a n t d i f f e r e n c e w i l l not 
S ^ I * b e t w e e n the samples. Secondly, the geochemical environ
ment during the next sampling round may be very d i f f e r e n t 

f f S J - JS* W 5 i C h . e x i s J e d i n January. Despite these l i m i t a 
t i o n s the idea does have merit and i s worth c o n s i d e r i n g . 

In order to remove these issues from future groundwater 
samplings, the f o l l o w i n g recommendation i s made: 

A l l metals samples should be f i l t e r e d and preserved 
immediately a f t e r sampling. I f t u r b i d i t y continues to 
i n h i b i t sample f i l t r a t i o n , two options are a v a i l a b l e . 
Step f i l t r a t i o n system may be used. These systems use 
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m u l t i p l e f i l t e r s of v a r y i n g s i z e and work qu i t e e f f e c 
t i v e l y on t u r b i d samples. I f t h i s i s not f e a s i b l e , a 
nondisruptive method of borehole evacuation should be 
used ( i . e . , bladder pump). Use of a b a i l e r to evacuate 
a monitoring w e l l w i l l surge the w e l l and d i s r u p t s e d i 
ments w i t h i n the formation. Bladder pumps remove water 
at low r a t e s (1 to 2 g a l l o n s per minute) and tend not 
to d i s r u p t the sediments and, hence, y i e l d samples with 
low t u r b i d i t y . 
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I 

1 

HYDROMETRICS 
2727 Airport Road 
Helena, Montana 5%01 
(406) U3-4150 

February 19, 1935 

Jon Nickel 
Environmental Scientist 
ASARCO, Inc. 
P. 0. Box G 

East Helena, Montana 59635 

Dear Jon, 

Groundwater samples from recently completed monitoring wells DH-1 

through DH-11 were collected January 14 through January 21, 1985. 

Oversite for EPA of f i e l d co l lec t ion of groundwater samples was 

conducted by personnel from Systems Technology (Systech). Systech 

collected splits of a l l groundwater samples obtained by Hydrometrics. 

I understood the samples were to be sent to the EPA contract laboratory 

previously used by CH2M Hi l l for analysis of surface and groundwater 

sample spli ts obtained from the November 1984 sampling period. 

During groundwater sampling of eleven monitoring wells in January, 

oversite personnel expressed some concerns about sample methods and 

f ie ld parameter measurement. The following summarizes the concerns, 

describes actions by Hydrometrics to evaluate the concerns and l i s t s 

conclusions from the information obtained. 

1) CONCERN: 

The pH measured at Hydrometrics may not be representative of 

immediate f ie ld pH due to CO2 equilibrium. 

Ground Water Development 

Min ing Hydrology 

Geotechnical Investigation 

Water Quality 

Water Resources Engineering 

Water Rights 
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If pH changed significantly between the sample f i l t r a t ion and the 

time of sampling i t could influence dissolved metals. Due to 

turbidity, some samples were allowed to settle for one to three 

hours before f i l t r a t i on . The concern was that this allowed time 

for a pH change. This concern was relayed to Hydrometrics by 

CH2M-Hil1 on January 18, 1985. In the conversation, Hydrometrics 

stated that they did not expect a s ign i f i can t pH change in the 

samples during the sample handling time. 

EVALUATION: 

The eleven monitoring wells at ASARCO are completed in the upper

most zone of saturation. Groundwater from shallow aquifers are 

commonly at or near equilibrium with the atmosphere and rapid 

loss of CO2 normally does not occur. The samples were alkaline 

and well buffered. 

Because transportation of water samples from ASARCO's plant site 

area to Hydrometrics' laboratory takes about eight minutes, a pH 

reading using Hydrometrics' Orion Model 407A/F specific ion meter 

(see p. 79 of ASARCO QAAP) is essen t ia l ly as fast as f i e l d 

measurements but with the advantages of better accuracy under lab 

conditions. pH readings performed at several intervals a f te r 

sampling (see Table 1) showed no significant changes in pH up to 

one day af ter the water was sampled. F ie ld pH obtained by 

Systec, using their small Markison f ie ld unit, agreed fa i r ly well 

with measurements in Hydrometrics' laboratory (Table 2). 
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in c o n s : a n t use d u r i n g t h i s t i m e . Compar i son of the 

measured SC of exposed s t a n d a r d s w i t h measured SC o f 

unexposed s tanda rd shows no changes o c c u r r e d f rom 

exposure to ammonia fumes (Table 3). 

I n f1uer oes from t u r b i d i t y 

Samples re ta ined from moni tor ing w e l l s DH-11 (AEH-3501-

125) and DH-7 (AEH-8501-122) were used to examine 

t u r b i d i o y a f f e c t s on SC. Measured SC o f c l e a r decant 

f rom t h e s e samp les was compared w i t h measured SC o f 

shaken t u r b i d samples. No s i g n i f i c a n t change in SC was 

observe : (see Table 4). S p e c i f i c c o n d u c t i v i t y was a l so 

measured on t u r b i d shaken samp les o f DH-11 and t h e 

f i l t r a t e o f DH-11. The wa te r was f i l t e r e d t h rough a 

.45 micron f i l t e r to remove a l l suspended m a t e r i a l . SC 

of the f i l t r a t e was then measured us ing Hydrometr ics 1 

c o n d u c t i v i t y b r idge. No s i g n i f i c a n t changes in SC was 

observe: (see Table 4). 

P r o b l e r : w i t h one o f t he i n s t r u m e n t s 

Companion of Systec SC inst ruments and Hydrometr ics ' 

inst rum -,ts were conducted in Hydrometr ics ' l abo ra to ry 

J a n u a r ; 30 , 1985. Samples were measured under both 

l a b o r a t o r y and o u t d o o r c o n d i t i o n s . Samples used f o r 

c o m p a n i o n measu remen t we re w a t e r s r e t a i n e d by 

Hydrome' . . - ics from wel l DH-11 (AEH-8501 -126-sam pi ed 1-



TABLE i , Pll MEASUREMENTS OVER TI HE 

Simple No. Time Coll . Date 

Sample Temp. 
1st Read. 

(~10 min.) 

PH 
1st Read. 
10 min.) 

Sample Temp. 
2nd Read, 
i l l gm. | 

25°C 

pll 
2nd Read, 
i i i ID!.'ill 
7.65 

Simple Temp. 
3rd Read. 
(1 day) 

pH 
3rd Had 

it lid 
7.90 AEH-3501-113 9:30 A.M 1/10/85 10°C 7.65 

Sample Temp. 
2nd Read, 
i l l gm. | 

25°C 

pll 
2nd Read, 
i i i ID!.'ill 
7.65 25'C 

pH 
3rd Had 

it lid 
7.90 

AEH-3501 - 12-J 11:30 A.M 1/13/05 10.5°C 7.70 25°C 7.71 25°C 7.70 

AEH-9501-117 12:30 P..M 1/18/05 10°C 7.70 25°C 7.79 25°C 7.33 

AEH-8501-122 3:00 P.M 1/18/05 10°C 7.69 25°C 7.65 25°C 7.65 

AEH-8501-125 4:30 P.M 1/13/05 10°C 7.97 25°C 7.71 25"C 7.70 

AEH-8501-121 9:30 A.M. 1/19/85 12°C 7.70 25°C 7.69 25"C 7.69 

AEH-8501-126 4:20 P.M 1/21/05 10°C 7.49 25°C 7.52 25"C 7.55 

Note: In al l cases, sample temperatures and buffer temperatures are the same. 

o 
o 
-a 
h— 
O 
CO 
cn 
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CONCLUSrCN: 

Time delays experienced in pH measurement had no s ign i f ican t 

effect on observed pH. After review of pH measurements over time 

(Table 1) and comparison with Hydrometrics' measurements with 

Systec measurements, i t is concluded that bringing the sample 

back to the Hydrometrics' laboratory probably increased the 

accuracy of the "f ie ld" pH measurement. Additionally, the data 

shows no significant pH change during the time required to f i l t e r 

the sample. 

2. CONCERN: 

There may be changes in measured specific electrical conductance 

of samples due to ammonia in the laboratory atmosphere and/or 

turbidity in the samples. 

Hydrometrics measures specific conductivity in its laboratory as 

soon as possible after sample co l l ec t ion . Transportation time 

from the ASARCO site is about eight minutes. Samples are brought 

to a 25°C temperature and measured with a Beckman RC-18A 

conductivity bridge (as described on P. 72 in ASARCO's QAAP). 

Specific conductivity values collected by Systec were measured at 

the sampling si te using a portable YSI unit . Hydrometrics was 

not i f ied of the discrepancies of the SC measurements during a 

conference ca l l that included M. K. Botz and Bob M i l l e r of 

Hydrometrics, Doug Lovell and John Lucero from C H 2 M - H i l l , Rob 

Green from Water Quality Bureau and Dick Karp from Systec. Dick 



TABLE 2. COMPARISON OF TEMPERATURE Pll AND SPECIFIC 
CONDUCTIVITY COLLECTED BY SYSTEC AND HYDROMETRICS 

Station No. 

AEH-8501-118 

AEH-8501-124 

AEH-8501-117 

AEH-8501-122 

AEH-8501-125 

AEH-8501-126 

Sample Date/Time 

1/18/05-0930 

1/18/85-1130 

1/18/05-1245 

1/18/05-1515 

1/10/05-1700 

1/21/05-1630 

Field Temp.(°C) 
Systec/Hydro. 

7.5 0.0 

9.5 9.5 

0.2 9.0 

9.0 

3.5 

10.0 10.0 

PH 
Systec/Hydro* 

7.3 7.65 

7.25 

7.5 7.70 

7.6 

7.25 7.97 

7.4 7.49 

Specific Conductiv 
(umhos/cm) 
Systec/Hydro* 

390 450 

1870 2006 

490 567 

290 372 

1180 1197 

310 349 

*Measured in Hydrometrics1 laboratory. 
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Karp stated he believed his f i e l d instrument was functioning 

c o r r e c t l y and voiced the f o l l o w i n g theor ies for the 

discrepancies: 

a) SC changes in the Hydrometrics' laboratory may result 

from exposure to ammonia fumes that occasionally 

emanate from a printing machine in a room adjacent to 

the Hydrometrics' lab. 

b) SC changes may be related to turbidity of the sample. 

c) There may be a problem with one of the instruments. 

During the conference c a l l , Hydrometrics stated that they did not 

believe that ammonia or suspended solids significantly effected 

SC measurement and their laboratory instrument was functioning 

properly. 

EVALUATION: 

Several experiments were performed in Hydrometrics' laboratory to 

examine the expressed concerns. 

a) Inf1uences from ammonia 

Standards used by Hydrometrics for laboratory measure

ment of SC were exposed in open containers directly on 

top of the print machine for 3h hours. The machine was 



TABLE 3. COMPARISON OF SPECIFIC CONDUCTIVITY OF STANDARDS 
EXPOSED TO AMMONIA AND UNEXPOSED STANDARDS 

The following SC standards were tested after exposure to ammonia with 
print machine running for 3»j hours. Samples were set on top of the 
machine open (1/29/85). 

Standard SC Reading Time 

147 149.8 12:00 

717.8 716.1 12:00 

1413 1406.2 12:00 

SC Standards not exposed to fumes 
(directly from Standard Container): 

147 150.0 12:00 

717.8 716.0 12:00 

1413 1406.3 12:00 

717.8 716.0 12:00 



TABLE 4. SPECIFIC CONDUCTIVITIES OF DECANTED (CLEAR) SHAKEN 
SAMPLES (HIGH TURBIDITY) AND FILTERED SAMPLE 

Sample No. Date Cell Factor Sample Temp. SC (umhos) 

AEH-3501-126 
Clear Water 
decant 1-30-S5 .993 25°C 492.2 

AEH-S501-126 
Sample shaken 

and turbid 1-30-S5 .993 25°C 495.4 

AEH-8501-126 
Filtered 1-30-85 .998 25°C 490.5 
AEH-8501-122 
Clear Water 
decant 1-30-85 .998 25°C 377.0 

AEH-8501-122 
Sample shaken 
and turbid 1-30-85 .998 25°C 377.4 
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15-35) and DH-2 (AEH-8501- 1 17). A comparison of 

Hydrometrics' lab measured SC and Systec SC measure

ments is in Table 5. Table 6 contains notes collected 

by R. Carp at the time of the SC instrument 

comparisons. Outdoor measurements of SC using Systec's 

YSI meter were much lower than SC measurements in the 

1 aboratory. 

Comparison of temperatures measure: using the Systec 

YSI probe and measurements by thermometer indicates 

some of the indoor-outdoor measurement discrepancies 

result from inaccurate temperature measurements by the 

Systec 's YSI probe. Systec measures standard 

temperatures in 100 ml bot t les . Ths amount of water 

held in these bottles is enough to er.erse the SC probe 

but allows the temperature sensor to be p a r t i a l l y 

exposed to the a i r . The result is the YSI measured 

temperatures are between actual standard temperatures 

and the air temperatures (about -5°F during the test). 

Table 5 shows that probe-measured temperatures are 

s i g n i f i c a n t l y lower under f i e l d conditions than 

thermometer-measured temperatures. The result is an 

erroneous temperature correct ion and consequently an 

inaccurate SC. 



TABLE 5. COMPARISON OF SPECIFIC CONDUCTIVITIES MEASURED BY SYSTEC'S YSI-33 AND BY HYDROMETRICS' LABORATORY 

Speci f ic conductivity in umhos of specif ic samples measured in Hydrometrics' laboratorty 1-30-85. 

DH-2 (AEH-3501-117) 

DH-11 (AEH-8501-126) 
(Filtered) 

DH-11 (Unfiltered) 

YSI (Systec) 
T°C SC 

22.6 

22.0 

552 

446 

Beckman SC Meter 
(Hydrometrics) 

T°C SC 

25 

25 

25 

567 

491 

492 

Specific conductivity in umhos of samples measured out-of-doors under simulated field conditions 
using YSI meter. 

147 St. 

718 St 

DH-2 

DH-11 

T°C 
YSI Inst. Therm. 

1.5 

3.5 

<0 

<:0 

(8.0) 

(9.0) 

(5.0) 

(5.5) 

Cel1 Factor 
Using YSI Using Therm. 

Measured Temp. Temp. 

.705 

.829 

(.863) 

(.977) 

Corrected SC 
Using YSI Using Therm. 
Measured Temp. Temp. 

409 

371 

(487) 

(443) 

NOTES: 1. Table is a composite of notes collected by R. Karp in Hydrometrics' Lab and Hydro-
Lab Book Records. 

2. Temperatures and SC recorded by YSI In lab are averages of several measurements. 

3. YSI measured temperature incorrectly. Corrected temperatures using thermometer and 
subsequent calculation are in parenthesis. 

4. Outside temperature approximately -5"F. 

5. YSI Probe unable to measure Sample Temperature - Calculated SC used temperatures O 
measured by thermometer. Q 

H-» 
O 
CO 
CO 



TABLE 6 
DATA RECEIVED FROM R. KARP 

FROM SPECIFIC CONDUCTIVITY TESTS 
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Table 5 also suggests that even with corrected tempera

ture measurements, the YSI f ie ld instrument is i n f l u 

enced by extreme temperatures. 

CONCLUSION: 

Tests showed no measurable influence on SC from tu rb id i ty or 

ammonia fumes. Specific conductivity measurement discrepancies 

by Hydrometrics and Systec are the result of inaccurate measure

ment temperatures using the Systec f ie ld instrument. 

CONCERN: 

S p e c i f i c c o n d u c t i v i t y measurement of water collected at 

monitoring well DH-11 (AEH-8501-126) are d i f fe ren t before and 

after pumping of this well. 

Similar to the rest of the monitoring wells, DH-11 was originally 

developed by bailing. Bailing was used because i t was required 

to handle the water as a hazardous waste and below freezing 

(commonly below 0°F) conditions made pumping d i f f i c u l t . Bailing 

also is quite successful to clean-up a well. Water samples were 

obtained after bailing more than six times the bore volume of the 

well. Because samples collected on 1-15-85 were too turbid to 

f i l t e r , DH-11 was redeveloped by pumping and resampled on 1-21-

85. Measured specific conductivity of samples collected 1-15-85 

and 1-21-85 were 492 and 349 umhos, respectively as measured by 
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Hydrometr ics. Samples c o l l e c t e d 1-21-85 were less turbid than 

those col lected 1-15-85. 

EVALUATION: 

Samples retained from both dates were remeasured for SC and the 

r e l a t i v e d i f f e r e n c e s conf i rmed. As p rev i ous l y desc r ibed , SC 

experiments run on t u r b i d , c l e a r decant and f i l t e r e d samples 

indicate there is no re la t ionship between tu rb id i t y and spec i f i c 

conductivity of samples co l lected at ASARCO. 

CONCLUSION: 

No def in i te conclusions about the observed SC differences can be 

drawn at th is t ime. Well DH-11 is shallow and is located about 

20 to 30 feet away from P r i c k l y Pear Creek. During pumping of 

the estimated 400 gallons to develop the w e l l , groundwater at DH-

11 may have rece ived some recharge from the creek. January 

measurement of P r i c k l y Pear Creek show s p e c i f i c conduc t i v i t y 

ranged 305 to 313 umhos. Conduc t i v i t y changes due to pumping 

we l ls adjacent to a stream are not unusual and t h i s may be the 

cause of the SC di f ference. 

4) CONCERN: 

The temperature correction factor shown for the field SC survey 

on P. 43 of the ASARCO QAPP is not the same as desribed in 

Standard Methods for Examination of Water and Wastewater, 15th 

Edition, 1980. 
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EVALUATION: 

SC measurement of sampled waters is performed in Hydrometr ic 's 

l a b o r a t o r y at 25°C as d e s c r i b e d on pp. 72-78 ASARCO QAPP. 

Temperature c o r r e c t i o n fac to rs are not needed or used in f i n a l SC 

c a l c u l a t i o n s . The form shown i n t he QAPP i s not the form used 

fo r the l abo ra to r y . A l l temperature and c e l l co r rec t i on f ac to r s 

are cor rec ted us ing a computer ized program which i s cons i s tan t 

wi th standard methods and wi th USDA A g r i c u l t u r a l Handbook 60. 

CONCLUSION: 

I f SC measurements are taken us ing f i e l d ins t ruments , pub l ished 

temperatures c o r r e c t i o n f a c t o r formula from Standard Methods or 

other equ iva len t methods w i l l be used. 

I f you have any q u e s t i o n s , p lease c a l l me. 

S i n c e r e l y , 

Robert J . M i l l e r 
Hydrogeologi st 

RJM: jy 

c c : Doug L o v e l l , C H 2 M - H i l l 
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ATTACHMENT B 



Systems Technology, Inc. 
Environmental Systems Engineering 

TECHNICAL MEMORANDUM 

0071101 
Steamboat Block 
616 Helena Ave. 

Helena, MT 59601 
(406) 443-5277 

Date A p r i l 30, 1985 

S u b j e c t : ASARCO RI; Groundwater T u r b i d i t y 

To: John L u c e r o , CH2M HILL 

FROM Di c k Karp, Si'STEC 

D u r i n g t h e f i r s t g r o u n d w a t e r s a m p l i n g e p i s o d e ( J a n u a r y 1 5 t h t h r u 
2 1 s t , 1985), c o n c e r n was r a i s e d a bout t h e t u r b i d i t y of t h e s a m p l e s . 
T h i s concern f o c u s ; d on the i s s u e of whether the t u r b i d i t y was i n d i c a 
t i v e of i n a d e q u a t e l y d e v e l o p e d w e l l s , and f u r t h e r , whether t h i s i m p l i e d 
non r e p r e s e n t a t i v e n e s s of the samples. 

I t seems u n l i k 
i n the a q u i f e r . f t 
e n t r a i n i n g the mud-
generated d u r i n g we 
c o u n t e r e d w i t h f i l t 
the presences of co 
amount of c o l l o i d a 
seems t o i n d i c a t e 
d u r i n g b a i l i n g . Th 
a c t u a l w a t e r i n t h 
more a d s o r p t i o n s i " , 
a q u i f e r became adso 
the w e l l and are t. 
a sample i s f i l t e r -
then y i e l d r e s u l t s 

In response tc 
K a r p ) c o l l e c t e d s 
from a number of we 
t a b u l a t i o n l i s t s 
samples. 

s l y to me t h a t the t u r b i d i t y observed a c t u a l l y e x i s t s 
seems more l i k e l y t h a t the t u r b i d i t y i s a r e s u l t of 

:ake m a t e r i a l on the w a l l of the w e l l h o l e which was 
i l l i n s t a l l a t i o n (see e n c l o s u r e ) . The problems en-
a r i n g of samples due to t h i s t u r b i d i t y a l s o suggested 
l l o i d a l c l a y s . Even though t h e r e maybe a s i g n i f i c a n t 
1 c l a y i n t h e a q u i f e r , t h e t u r b i d i t y of t h e s a m p l e s 
t h a t t h e g r o u n d w a t e r maybe i n t r o d u c e d t o more c l a y 
as the sample may have a l a r g e r c l a y c o n t e n t than the 
» a q u i f e r . T h i s i n c r e a s e d c l a y c o n t e n t may p r o v i d e 
as f o r m e t a l s . Thus m e t a l s t h a t are d i s s o l v e d i n the 
rbed when i n t r o d u c e d to the i n c r e a s e d c l a y c o n t e n t a t 
an s u b s e q u e n t l y f i l t e r e d out when the water drawn f o r 
i d . The sample a n a l y z e d f o r d i s s o l v e d m e t a l s would 
l e s s than what a c t u a l l y e x i s t s i n the a q u i f e r . 

t h i s concern the EPA o v e r s i g h t p e r s o n n e l ( i . e . D i c k 
m p l e s f o r t o t a l m e t a l s ( i . e . u n f i l t e r e d a c i d i f i e d ) 
I s sampled d u r i n g t h i s f i r s t e pisode, 

che i n f o r m a t i o n w h i c h s p e c i f i e s the 
The f o l l o w i n g 
t o t a l m e ta1s 

Well S t a t i c ITR Tag Sample 
No. L o c a t i — Code No Date/time 

DH-2 AEH8501 - 117= S MHA-528 8-12938 1/18/85-1245 
DH-3 AEH8501 118- S MHA-525 8-12941 1/18/85-0930 
DH-3R AEH8501 - 130- S MHA-526 8-12940 1/18/85-0930 
DH-7 AEH8501- t 2 2-S MHA-529 8-12952 1/18/85-1515 
DH-9 AEH8501- .24- S MHA-527 8-12946 1/18/85-1130 
DH-10 AEH8501- _25- S MHA-530 8-12953 1/18/85-1700 

Wo -r Rights — Hydraulics — Water & Sewage Treatment 
Biological Invest ;.3!ions — Environmental Impact Statements — Energy Development 

Water and Sewage Analysis — Soil Testing 
Surveying — Water f Sewage Plant Operation 
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The l o c a t i o n of these w e l l s are as shown on the accompanying f i g u r e 
( i . e . F i g u r e 1., P l a n Map of ASARCO as p r e p a r e d by HYDROMETRICS). The 
f o l l o w i n g t a b l e compares the d i s s o l v e d m e t a l s ( i . e . As, Cd, Cu, Fe, Pb, 
Mn & Zn) c o n c e n t r a t i o n s ( i . e . i n u g / l , ppb) r e p o r t e d by ASARCO w i t h t h e 
t o t a l s r e p o r t e d by EPA f o r the same w e l l sample. 

Comparison of USEPA & ASARCO M e t a l s Data 

W e l l 
No. 

As 
EPA ASR 

Cd 
EPA ASR 

Cu 
EPA ASR 

Fe 
EPA ASR 

Pb 
EPA ASR 

Mn 
EPA ASR 

Zn 
EPA ASR 

DH-2 i. (rt 4. ft fa* 2S. <$. ft no 
DH-3 1.1 n. *L 4. m Uh. 4,<* m 

— i . 

120 /5~6 Ho 
DH-^R m i 

/• • 
LA. 3. ti d. II loo no 

DH-7 1 t £ M„ *l H'3 LiSco 5/ Mi it 

DH-9 S* 13. Urn 2t£>od IS. tljm tioo 
i 11 i — — j - * — 

DH-10 Si,co 
* - 1 

L4,\ 3, a. no AicO F>5\ 
1 

F o r some of t h e s e w e l l s a m p l e s (e.g. DH-9, DH-7) t h e d i f f e r e n c e 
between the EPA t o t a l m e t a l s and ASARCO d i s s o l v e d m e t a l s i s ve r y s i g n i 
f i c a n t . The a n a l y t i c a l p r o c e d u r e f o r m e t a l s a p p a r e n t l y i n v o l v e s a 
d i g e s t i o n s t e p ( i . e . CLP SOW No. 784). T h i s means t h a t t h e r e s u l t s f o r 
t h e EPA t o t a l m e t a l s r e p r e s e n t t h e d i s s o l v e d f a c t i o n , t h e a d s o r b e d 
f a c t i o n p l u s any m e t a l s a s s o c i a t e d w i t h the suspended m a t e r i a l m a t r i x . 
These l a r g e d i f f e r e n c e s suggest t h a t t h e r e i s mo.re than j u s t d i s s o l v e d 
and m a t r i x f a c t i o n s of m e t a l , but r a t h e r , t h a t t h e r e maybe a s i z e a b l e 
q u a n t i t y of t h e a d s o r b e d f a c t i o n . F o r t h e s a m p l e from DH-9, t h e CLP 
r e p o r t e d a h i g h a l u m i n u m c o n t e n t ( i . e . A l = 167,000 ppb) w h i c h w o u l d 
f u r t h e r support the c l a y type of suspended m a t e r i a l . 

A n o t h e r i n c i d e n t t h a t o c c u r r e d d u r i n g t h e f i r s t s a m p l i n g e p i s o d e 
which may c a s t some doubt on the r e p r e s e n t a t i v e n e s s of the samples was 
the change observed i n w e l l number DH-11 a f t e r pumping to c l a r i t y . DH-
11 was sampled on January 15, 1985, however, t h i s sample was so t u r b i d , 
presumably w i t h c o l l o i d a l c l a y s , i t would not f i l t e r . Another sample 
was c o l l e c t e d on January 21, 1985 a f t e r the w e l l had been s u f f i c i e n t l y 
pumped to produce c l e a r water. T h i s sample f i l t e r e d r e a d i l y . DH-11 i s 
sample l o c a t i o n AEH8501-125. HYDROMETRICS r e p o r t e d an e l e c t r i c a l conduc
t i v i t y of 492 umhos/cm | 25 C f o r t h e s a m p l e c o l l e c t e d on 1/15/85, and 
349 umhos/cm @ 25 C f o r t h e s a m p l e c o l l e c t e d on 1/21/85. T h i s d i f 
f e r e n c e may i n d i c a t e t h a t t h e w e l l was i n s u f f i c i e n t l y pumped on t h e 
15th. (see e n c l o s u r e 2) HYDRO p e r s o n n e l suggested t h a t the lower con
d u c t i v i t y observed on the 21st may be due to the i n f l u e n c e of P r i c k l e y 
Pear Creek. Some rough c a l c u l a t i o n s made by SYSTEC's s t a f f h y d r o g e o l o -
g i s t ( K e v i n Jones) do not support HYDRO's c o n j e c t u r e , (see e n c l o s u r e 3) 

For a l l the w e l l s sampled, the s m a l l e s t TSS v a l u e was r e p o r t e d f o r 
DH-11 ( 1 / 2 1 / 8 5 ) ; 3.3 mg/1. W i t h t h e e x c e p t i o n of DH-5 (AEH8501-120) 
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2.G.2.a. SPECIFIC CONDUCTANCE A j * ^ " < £ -

The specific conductance of a water sample is a measure of its ability to carry an electrical j £ 
rent under specific conditions . Specific conductance, which is a measure of the ionized salts gives 
an indication of the concentration of dissolved solids in the water. 

There are several reasons /or determining the specific conductance of a sample in the field at the 
time of collection rather than waiting for a laboratory measurement. The field determination can be 
used as an aid in evaluating whether a sample is representative of water in the aquifer For example 
in new or little used wells, or in wells that have been recently drilled, grouted, or cemented chemical 
changes m the pumped water may be rather large, and the well may require prolonged pumping to 
insure that the sample is representative of water in the aquifer. Specific-conductance determinations 
can be used to indicate that sufficient water has been pumped and that the quality of the water is 
stabilized. 

A specific-conductance value that is markedly different from values obtained in nearby wells 
may indicate a different source of water, such as induced recharge, contamination from the surface 
or leakage from a formation thai contains water of different quality. Detection of an anomaly may 
indicate that more detailed sampling or reevaluation of the well is required. If so, the work can 
usually be done more economically at the time the original sample is collected rather than several 
weeks or months later. 

Once the sample is in the container, its specific conductance may change with time as a result of 
precipitation of minerals from the water. A sample that has been acidified or otherwise treated will 
not yield an accurate representation of the specific conductance of the water in the aquifer 
therefore, it is essential to obtain an accurate field determination. 

2.G.: .a. l . MLTHOD SUMMARY 

The ability of a solution to conduct an electrical current is a function of the concentration and 
charge of the ions in solution and of the rate at which the ions can move under the influence of an 
electrical potential. As the number of ions per unit volume of solution increases, the rate at which 
individual ions can move decreases because of interionic attraction and other effects. A graph of 
total ion concentration versus specific conductance, even for solutions of a single salt, is a straight 
line only for values below 1,000 micromhos/cm. As specific conductance increases to above 5,000 
micromhos/cm, the regression iine curves significantly; beyond 50,000 micromhos/cm, the specific 
conductance may be an unsatisfactory index of ion concentration. 

The temperature of the electrolyte affects the ionic velocities, and consequently, the specific 
conductance. For example, the specific conductance of potassium chloride (KC1) solutions changes 
about 2 percent per degree C .isius near 25°C. 

Specific-conductance meters used in the field should be battery operated, equipped with 
temperature compensator, ar..: read directly in micromhos/cm at 25°C. The direct reading meter is 
recommended to save time in converting resistance values to specific conductance and to insure that 
the value is read in the field. 

The cell should be checked before initial use and should be checked dailv during regular use. A 
0.00/02 N potassium chloric; (KC1) solution (dissolve 0.5234 g KC1 dried at 180°C for 1 hour in 
distilled water and dilute to e- actly 1 litre) has a specific conductance of 1.000 micromhos/cm at 
25°C. Routine checks are ::ade by using the 0.00702 N standard solution at the ambient 
temperature. The temperatur • control on the instrument is set at 25°C, and the ambient temperature 
of the standard KC1 solution ; recorded. A value of specific conductance is obtained and compared 
with the values given in figu;; 2-32 for the ambient temperature. The value obtained should be 
within 5 percent of that in fi : .:re 2-32. 

Next, the temperature-ac ustment knob is moved to the ambient temperature, and the meter is 
read. The value obtained she ; ,d be 1,000 micromhos/cm, regardless of the ambient temperature 

1 / 8 0 2-91 
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w h i c h r e p o r t e d l y had a TSS o f 36 mg/1, a l l t h e o t h e r w e l l s had TSS 
v a l u e s g r e a t e r t h a n 295 mg/1, t h e h i g h e s t b e i n g 5540 mg/1 f o r DH-8 
(AEH8501-123). These TSS v a l u e s a r e i n d i c a t i v e of h i g h l y t u r b i d 
samples. 

In response to these concerns over t u r b i d i t y HYDRO and ASARCO pr o 
posed to a c i d i f y a sample b e f o r e f i l t e r i n g , a l l o w the sample to s e t and 
t h e n f i l t e r . T h i s s a m p l e w o u l d t h e n be a n a l y z e d f o r m e t a l s and com
pared w i t h a sample f i l t e r e d and then a c i d i f i e d , the thought being t h a t 
a c i d i f y i n g f i r s t w o u l d s t r i p any m e t a l s a d h e r i n g t o c l a y . HYDRO 
r e p o r t e d l y c o l l e c t e d t h r e e s u c h s a m p l e s d u r i n g the s e c o n d s a m p l i n g 
e p i s o d e ( 4 / 8 - 1 1 / 8 5 ) . Of i n t e r e s t i s t h e s e l e c t i o n of DH-5 f o r one o f 
t h e s e s a m p l e s . As was m e n t i o n e d , DH-5 d i s p l a y e d the l e a s t amount o f 
s u s p e n d e d s o l i d of any of t h e b a i l e d w e l l s d u r i n g the f i r s t s a m p l i n g 
e p i s o d e . Thus t h i s w e l l w o u l d n o t a p p e a r t o be a good s e l e c t i o n f o r 
d e m o n s t r a t i n g t o what e x t e n t t h e e x c e s s i v e t u r b i d i t y may a f f e c t m e t a l 
c o n c e n t r a t i o n s . 



0071108 

ATTACHMENT C 



0071109 

HYDROMETRICS 
2727 A i iooM Road 
Ht ' lena, Mon tana S%-
(406) 443-»l">0 

April 12, 1985 

Mr. Gene Taylor 
Environmental Protection Agency 
Federal Building 
Helena, Montana 59626 

£HV:=SS.M:HTAL PROTECTION 

r—i v s ... r,Z~',rZ 

RE: ASARCO East Helena Smelter 
Water Resources Investigation 

Dear Mr. Taylor: 

As discussed in phone conversations with you, Doug Lovell, Bob Miller and 
myself on March 22, 1985, i t 1s Hydrometrics' recommendation that future 
monitoring well sampling procedures remain similar to previous procedures. 

Sampling procedures w i l l include removal of at least three well bore volumes 
by bailing. We feel that extended pumping of wells located near Prickly 
Pear Creek may induce stream water into the wells. Samples from these wells 
would, therefore, be more representative of stream water quality than 
natural groundwater quality. Approximately five of -the recently drilled 
monitoring wells have several feet of water in the well bore and development 
of these wells by pumping probably is not possible. 

Turbidity observed in samples collected in January 1985 should decline in 
future sampling. As these wells are repeatedly sampled, turbidity should De 
less of a problem. 

Based on groundwater analytical data from the f i r s t well sampling, we will 
handle water from only wells DH-4, DH-6 and DH-10 as hazardous wastes in 
future sampling. 

Based on our conversation, we are developing a schedule of tentative 
dates for the remainder of the sampling program. It is our understanding 
that you, in coordination with Jon Nickel of ASARCO, are reviewing the 
proposed program schedule. 

As we discussed in our conversation, we will add nitric acid to three 
groundwater samples prior to filtration through the 0.45 u filter during our 
next well sampling period. This will provide some information on the 
relationship between metal concentrations and turbidity. We recommend wells 
DH-3, DH-5 and DH-6 for this test. The samples will set for .5 to one hour 
then wil l be filtered. As requested by Doug Lovell of CH2M-Hill, we have 
estimated potential changes in the samples due to acidification of suspended 
solids in the sample. Obviously acidification with nitric acid to pH of 
less than 2 for one hour should cause dissolution of somp metals that, under 
normal conditions, would not be soluble. Due to their geochemistry and 
mobility in the system, we expect small increases in zinc and copper (0.01 

C r o u n d W a i e r D e v e l o p m e n t G e o t e c h n i c a l I nves t iga t i on Wate r Resou rces E n g i n e e r i r 
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Gene Taylor 
Environmental Protection Agency 
April 12, 1985 
Page Two 

to 0.04 mg/1) in the acidified samples. Cadmium should be associated W 1 t h 
zinc and small increases in its concentration (0.005 to 0.01 mg/1) may 
occur. Due to their presence in the drainage system in.mines along Prickly 
Pear Creek and because of their acid solubility, we expect joderate 
increases in iron concentrations (0.2 to 0.7 mg/1) and lead (0.005 to 0.02 
mg/1). Arsenic is not expected to change more than 10 percent from the 
value reported in the normal samples. 

Please call me If you have any questions or need any further information on 
the sampling program. 

Sincerely, 

M. K. Botz, P. E. 
Hydrologist/Engineer 

MKB:jy 

cc: Jon Nickel - ASARCO, East Helena 


